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The Ca2+ pump of the plasma membrane is present in all eukaryotic plasma membranes studied thus far. It is an ATPase of the P-type [ 1, 21, the essential properties of which are summarized in Table 1 . Of particular interest is the stimulation by calmodulin [3, 41, which increases the affinity of the pump for Ca*+, lowering its K , from 10-20 to about 0.5 ,UM. The interaction of calmodulin has been exploited to isolate the ATPase, using calmodulin affinity chromatography columns [5]. The purified enzyme has an M , of about 138 000 on SDS/polyacrylamide-gel electrophoresis, and appears to be functionally competent 161, i.e. it can be reconstituted into liposomes with optimal Ca2+ transporting efficiency.
Work in this laboratory aimed at establishing the primary structure of the pump has been preceded by extensive proteolytic work on the purified erythrocyte enzyme [7, 81 , which has led to the proposal of a model for the architecture of the ATPase in the membrane in which the calmodulinbinding domain of the molecule is located near its Cterminus, in a domain having an M , of about 9000. Subsequent work, using a combination of CNBr proteolysis and specific labelling, has led to the isolation of the domain and to the determination of its sequence [9] 
-E-L-R-R-G-Q-I-L-W-FR-G-L-N-R-I-

Q-T-Q-I-K-V-V-N-A-F-S-S-S-L-H-E-F
The sequence shows similarity to the putative calmodulinbinding domains of a number of calmodulin-modulated proteins. Most prominent is the abundance of positively charged amino acids, the presence of a tryptophan in the Nterminal portion of the domain, and the propensity of the domain to form an amphiphilic helix.
As mentioned above, proteolysis work in this laboratory had suggested a C-terminal location for the calmodulin-binding domain of the pump. Confirmation of this suggestion has now come from the determination of the primary structure of the rat brain [ 1 13 and the human teratoma cells' [ 121 plasma membrane Ca2+ pump. The work on the sequencing of the human enzyme will be summarized here [ 131. Sequenced tryptic fragments from the purified erythrocyte Ca2 + pump were used to synthesize suitable oligonucleotide probes to screen a human teratoma Agt 10 cDNA library (kindly donated by Drs Maxine Singer and Jacek Skowronski of the National Cancer Institute, Bethesda, MD, U.S.A.). The initial screening yielded a positive clone which hybridized to both probes and contained two stretches that matched the oligo-nucleotide probes in the only open reading frame that encompassed its entire sequence. Rescreening of the library with subfragments of the clone insert yielded additional clones, extending the sequence to its 3'-end and by about 2 kb towards it 5'-end. The library was then rescreened with an oligonucleotide corresponding to the 3'-end of the sequenced cDNA and with a mixture of oligonucleotides corresponding to a peptide of the erythrocyte pump not contained in the translated sequence and thus assumed to belong to the missing N-terminal portion of the pump. The resulting clone extended the sequence by more than 1 kb towards its 5'-end. The reading frame continued into this clone and most likely began at the first in frame Met residue. Fig. 1 shows the translated amino acid sequence of the clones, and identifies the residues and domains of particular importance to the pump. Ten hydrophobic transmembrane domains are identified tentatively using hydrophobicity plots [13] . They may correspond to residues 105-127, 156-173, Very recent work in this laboratory has identified another domain of potential functional importance, i.e. the substrate sequence for the cyclic AMP-dependent protein kinase. The Ca2+ pump is stimulated by cyclic AMP-dependent phosphorylation [ 151, and the stimulation is due to the phosphorylation of the pump molecule proper (161, at variance with the case of the sarcoplasmic reticulum Ca2+ pump, where the stimulation is linked to the phosphorylation of the accessory protein phospholamban. The stimulation corresponds to the lowering of the K , (Ca*+) of the pump from the normal low-affinity value of about 10-20 ,MUM to a value of about 1 ,UM. Samples of purified erythrocyte ATPase were labelled with [ y-"P]ATP and then split with cyanogen bromide [ 171. The digestion products were then separated by h.p.1.c. methods and the only radioactive peak found was subjected to sequence analysis. The following sequence was obtained:
In the sequence of the pump shown in Fig. I , this domain can be easily recognized next to the C-terminus, downstream from the calmodulin-binding domain. However, the match is not complete, showing that the erythrocyte pump and the pump cloned from teratoma cells are isoforms. The gap labelled X was a cycle in which no new amino acid peak 
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appeared to increase, and that of the serine of the previous cycle decreased. In the sequence shown in Fig. 1 , the gap would correspond to a serine: the stretch Lys-Arg-Asn-SerSer would clearly be a canonical substrate site for the cyclic AMP-dependent protein kinase. Derivation of the labelled peptide with ethanethiol to convert phosphoserine into ethylcysteine, which, at variance with phosphoserine, can be identified in the normal amino acid sequencing procedures, showed that the missing cycle indeed corresponded to ethylcysteine. The data on the cyclic AMP phosphorylation can be used to extend the model for the regulation of the ATPase by calmodulin suggested above. The C-terminal domain containing the substrate sequence for the cyclic AMP-directed phosphorylation has a strong acid character, and could thus interact in the pump in sifu with the basic calmodulin-binding domain. The latter domain, on the other hand, probably interacts also with the acidic sequence (the putative Ca2+-binding site, see above) N-terminal to it. The conformational change induced by the cyclic AMP-directed phosphorylation could alter the conformation of the complex formed by the calmodulin-binding domain and the putative Ca2 A major class of membrane transport proteins are the cotransporters (symporters). They are responsible for the cellular uptake of small molecules against their concentration gradients. In prokaryotes, such as the enteric bacteria, they are generally driven by proton electrochemical potential gradients, but in eukaryotes, they are driven by Na+ electrochemical potential gradients. The best known example of Na +-cotransport (symport) is the intestinal brush border Na+/glucose carrier. This is primarily responsible for the active absorption of glucose across the intestinal epithelium from gut to blood.
We have cloned the rabbit intestinal brush border Na+/ glucose cotransporter by a novel procedure called expression cloning [l] . Briefly, this depended on (i) our ability to express Na+ /glucose uptake into Xenopus oocytes after microinjection of intestinal mRNA [2], and (ii) enrichment of the mRNA coding for the transporter by preparative electrophoresis. cDNA was made from the enriched mRNA fraction, and this was used to make a cDNA library in a transcription vector. The clones were screened by synthesizing mRNA in vitro, injecting it into oocytes, and screening for Na+-dependent glucose uptake. A single clone was isolated that accounted for all the known properties of intestinal glucose transport, i.e., uptake was specific, saturable, Na+ dependent, and inhibited by phlorizin 11 I. The properties of the cloned transporter are essentially identical to those of the transporter in the native rabbit brush border [3] .
The clone codes for a 662 amino acid polypeptide with a molecular mass of 73080, close to the M , of the intact brush border transport protein [4] . Secondary structure analysis predicts a model ( Fig. 1 ) with 11 membrane-spanning domains, with a large hydrophilic loop between membrane segments 7 and 8, and another between segments 10 and 1 1. We have recently used the rabbit clone as a probe to isolate a functional clone from human intestinal A gt 10 library. This codes for a 664 amino acid polypeptide which shows 94% homology with the rabbit sequence [5] . There is no recognizable sequence similarity between these Na+ /glucose cotransporters and any other sugar transporter, including mammalian facilitated glucose carriers.
There are two potential N-linked glycosylation sites (consensus sequences Asn-Xaa-Thr/Ser) at positions 248 and 306 in both the rabbit and human sequences (Fig. 1) . We have studied glycosylation using in vitro translation of RNA transcripts coding for the rabbit Na+ /glucose cotransporter.
In the absence of pancreatic microsomes, the M , of the protein on SDS/polyacrylamide-gel electrophoresis was 52000. The discrepancy between the M , and the predicted molecular mass of 73083 Da is a common observation for membrane proteins, and is explained, in part, by the ability of hydrophobic membrane proteins to bind more SDS than other proteins. In vifro translation of the full-length transcript in the presence of canine pancreatic microsomes increased M , by 6000 to 58000, and this increase was reversed by endoglycosidase H. We conclude that one or both of the sites is glycosylated [6] . Similar increases in size due to N-linked glycosylation were observed in similar experiments with partial transcripts coding for polypeptides 1-289 and 1-394, but not with a partial transcript coding for polypeptide 1-232 (Fig. 1) . This suggests that only Asn-248 is glycosylated. Since glycosylation is generally restricted to the extracellular domain of membrane proteins, this would place the N-terminus of the polypeptide on the cytoplasmic face of the membrane in our model (Fig. 1) . The functional
